Smoke inhalation injury is associated with high incidence of pulmonary complications as it represents a major cause of mortality after major burn injury. Burn is associated with release of inflammatory mediators which ultimately cause local and distant pathophysiological effects. The present study investigated the effect of smoke inhalation or\and burn injury on the antioxidants status in the lungs in a rat model to simulate an inhalation injury as might be encountered by firefighters and burn victims. Seventy five rats were equally randomized to five groups: Sham group, smoke inhalation injury group, burn group, sham burn group, and smoke burn group. At the end of the exposure protocol rats were killed by cervical decapitation and the lungs were removed completely and processed for histopathological and biochemical analysis by measuring lung antioxidant enzyme activities: Malondialdehyde (MDA), superoxide dismutase (SOD) and glutathione peroxidase (GPs) level, as an index of lipid peroxidation. Grossly, results showed that rats´lungs in the smoke inhalation group and the smoke burn group showed multiple hemorrhagic spots. Light microscopic examination showed localized and diffuse alveolar hemorrhage. Two rats in the burn group had evidence of pneumonia and lung abscesses. Biochemically, results showed that both smoke inhalation and burn injury significantly elevated lung MDA and glutathione peroxidase levels when compared with controls. The combined smoke and burn group resulted in a more significant rise in both antioxidant levels indicating a higher level of lipid peroxidation. SOD level was significantly lowered on exposure to both conditions when compared to control. SOD level was significantly lower in the combined injury group when compared to either smoke or burn alone. In conclusion; the above data provide evidence that inhalation injury with and without burn decrease tissue antioxidant capacity and increase tissue peroxidative injury.
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Nordisk rettsmedisin buffer saline (PBS) solution at pH 7.4, homogenized in 5ml cold buffer (50mM potassium phosphate) then centrifuged at 4000 R.P.M. for 15 min.
The supernatant was used to for measurement.
• Test Principle: The Oxis SOD -525™ method (Oxis Company, U.S.A.) was based on the SOD-mediated increase in the rate of autoxidation of 5, 6, 6a, 11b-tetrahydro-3, 9, 10-trihydroxybenzo[c] flourene R1 in aqueous alkaline solution to yield a chromophore with maximum absorbance at 525 nm.
• Glutathione peroxidase (GP) was determined spectrophotometrically (Shimadzu, UV-2401PC, Australia) according to [17] by following the oxidation of NADPH to NADP which is accompanied by a decrease in absorbance at 340 nm (A340).
STATISTICAl AnAlySIS:
Data were analyzed with SPSS (Statistical Software for Social Sciences, ver.
12. 0, SPSS Inc., Chicago, IL). Results were presented as mean ±SE. Data for biochemical test results (MDA, SOD and GP) for the five groups were compared through two-way analysis of variance (ANOVA). A Tukey posthoc test was applied to compare the group means. P<0.05 was considered statistically significant.
ReSulTS:
No deaths were encountered during experimentation and all rats survived till scarification. Gross examination of the lungs on dissection revealed multiple localized and diffuse lesions. Macroscopic lesions were clearly observed in all rats of both smoke exposed group (Group 2) and burn smoke group (group 5). Lesions were consistent with hemorrhage. The lungs were firm with localized and diffuse hemorrhagic spots and petechiae over the lung surface. Hemorrhage occurred under the visceral pleura and was oval and rounded, dark-red in color. Hemorrhage extended into the subjacent lung (Figure 1, 2) . Hemorrhage was more extensive in group 5 occupying nearly a whole lung lobe (Figure 3) . Moreover, two rats in group 5 had multiple lung abscesses (Figure 4) . Results also revealed significant difference in SOD levels among studied groups (F=107.546, p=0.000). SOD lung levels decreased in smoke exposed group, burn group and smoke burn group compared to control (p<0.05).
Smoke inhalation resulted in significant decrease in SOD level than burn trauma alone (mean= 0.16, p=0.000) while combined smoke burn exposure
The inhalation protocol:
We used a self-designed apparatus consisting of a combustion chamber and an exposure chamber. A stainless steel combustion chamber with a dimension of 60×50×40cm was designed to generate smoke, and fitted to its upper surface was an electic respirator (Mizol inc. Company, China) for sucking the generated vapors to an attached rubber tube of 2cm diameter for delivering smoke into the exposure chamber. The exposure chamber was made of wood and had an upper sliding glass side to enable observation of the rats during exposure and easily opened to allow free delivery of air after each exposure cycle. The smoke inhalation injury protocol was performed according to [11] .
Smoke was generated by slowly smoldering wood shavings (120 g/kg body weight) mixed with 30 ml kerosene in a stainless steel basin before use.
Each animal was anesthetized with an intraperitoneal injection of ketamine "Sigma company" (90 mg/kg). Seventy five adult albino rats were divided into five equal groups (15 rats each): Group 1 (sham smoke group) served as a control. Rats in this group were kept in the smoke exposure room subjected to the same smoke exposure protocol as in group 2 but without actual smoke exposure. Group 2 (smoke exposed group) rats were kept in the exposure room exposed to successive 9 min. periods of smoke which were separated into three times by 30 second exposures to ambient air (3 min.
smoke exposure followed by 30 second exposure to fresh air repeated thrice [12] . Group 3 (burn group); according to [13] , a section on the back of each rat, corresponding to 20% of the total body surface area (TBSA) was shaved.
Rats then received a full thickness scald by means of a metal bar screwed to a screw driver. The bar was heated over a Bunsen burner for 2 min then was held in contact with the shaved animal skin for 20 seconds, producing thirddegree burns. Body surface was calculated by Meeh's formula: A = 10 x W 2/3 , where: A= area in cm 2 , 10 is a constant and W=weight in grams [14] . Group 4 (sham burn group) rats treated as in group 3 but with non-heated metal bar and Group 5 (burn smoke group) where rats were burnt as in group 3 then exposed to smoke as in group 2. Burnt rats were then treated with standard measures for burn wound care. 48h after treatment, the rats were killed by cervical decapitation and the lungs were removed and processed for measurement of malondialdehyde (MDA), superoxide dismutase (SOD) and glutathione peroxidase (GPs) levels.
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Scandinavian journal of Nordisk rettsmedisin Glutathione peroxidase levels were signifi cantly changed in animals' lungs of various treated groups (F=196.185, p= 0.000). Smoke inhalation and burn injury signifi cantly elevated lung glutathione peroxidase levels after injury when compared with control (p= 0.000). No signifi cant diff erence was found in SOD level between smoke inhalation and burn injury group (p= 0. 865). GP levels were signifi cantly higher in the combined injury group when compared to either smoke or burn alone (mean 4.5500, p= 0.000, mean 4.4300, P=0.000). Table 
dISCuSSIon
Smoke inhalation injury, either by itself or in the presence of a burn, is wellrecognized to result in severe lung-induced morbidity and mortality. The most common cause of death in burn centers is respiratory complication and consequently failure [18] . Inhalation injury was recorded in 51.47% patients The observed rise in GP with its antioxidant property was as a defense mechanism from body to counter the excess ROS production; however, a high production of oxygen radicals evidenced by excess MDA with decreased antioxidant level of SOD may exceed the detoxification capacity of GP as an antioxidant enzyme [37] . Glutathione peroxidases (GPs) are the major enzymes in the antioxidative defense mechanism depending on glutathione [38] . They scavenge hydrogen peroxide in the presence of reduced glutathione [39] . They also act as a substrate in other detoxifying enzymes against oxidative stress, such as glutathione transferases. It participates in amino acid transport through the plasma membrane, scavenges hydroxyl radical and singlet oxygen directly, detoxifying and lipid peroxides by the catalytic action of GPX [40] . We also found that combination of smoke injury with body surface burn can markedly increase the oxidative stress and hence the respiratory complications compared with burn alone which is compatible with Belli et al., [3] . The chemical properties of smoke combined with burn injury induce more inflammatory response, a higher vascular permeability, and pulmonary edema [41] .
SuMMARy:
Smoke inhalation injury is a threat to personnel who injured in enclosed spaces. Smoke inhalation injury continues to exert an additive effect on the morbidity and mortality of patients with cutaneous burns. The above data provide abundant evidence that inhalation injury and/or burn produces abundant free radicals and decrease tissue antioxidant capacity and increase tissue peroxidative injury.
who suffered flame burns in closed space [19] . The death rate for patients with inhalation injuries was 69.90% compared to 6.45% in patients without inhalation injury, emphasizing that inhalation injury is a predictive factor in mortality of burns [20] . Our results demonstrated that smoke inhalation or\and burn thermal injury increases the oxidative stress and consequently tissue damage. This is evidenced by the increase in MDA levels which indicate an inflammatory process due to oxidant generation, reduction in SOD level which has an antioxidant effect and elevated GP level. These findings agree with [8, 20, [29] [30] [31] [32] .
MDA is generated from reactive oxygen species (ROS) through degradation of polyunsaturated lipids and is assayed in vivo as a bio-marker of oxidative stress [33] , while SOD offers first line of defense against the superoxide radicals. It is one of the most important intracellular antioxidant enzymes, which has an antitoxic effect against superoxide anions that causes impairment to macromolecules like proteins, lipids, carbohydrates and nucleotides [34] . Oxidant generation is part of normal metabolism of many types of cells. To protect itself against exposure to noxious oxidants the lung has a well-developed antioxidant system [35] . Oxidative stress that occurs in the cells, because an imbalance between the prooxidant/antioxidant systems,
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